The parameters and elemental abundances of atmospheres for ten thick-disk red giants was determined from high-resolution spectra by the method of model stellar atmospheres. The results of a comparative analysis of the [Na/Fe] abundances in the atmospheres of the investigated stars and thin disk red giants are presented. Sodium in the atmospheres of thick-disk red giants is shown to have no overabundances typical of thin-disk red giants.
INTRODUCTION
The abundances of chemical elements in the atmospheres of stars are known to change in the course of their evolution. When investigating the chemical composition of giants, the first to be detected were the CNO abundance anomalies compared to the chemical composition of dwarf stars (see, e.g., [27, 28, 31, 44] ). The observed sodium overabundance in the atmosphere of the red giant ǫ V ir was first mentioned in 1963 [19] . Subsequently, sodium overabundances were detected in red giants of the Hyades open cluster [29] . In another paper [30] , the same authors found several giants with a [Na/Fe] overabundance and may have been the first to point out a systematic difference in sodium abundance between red giants and dwarfs. They hypothesized that sodium might be synthesized in some red giants. Slightly later, in 1970 [20] noted that the [Na/Fe] abundance increases with temperature parameter θ=5040/T eff . In other words, the [Na/Fe] abundance in cooler stars turned out to be, on average, higher, while giants are in the majority among these stars, i.e., the sodium abundance difference between dwarfs and giants is also noticeable, although the authors did not reach this conclusion. [10] were the first to describe the dependence of the [Na/Fe] overabundances in the atmospheres of normal red giants on surface gravity. This dependence turned out to be similar to that discovered previously for supergiants [12, 13] . It was explained by the hypothesis that sodium could be produced in the 22 Ne(p,γ) 23 Na reaction entering the neonsodium cycle of hydrogen burning in the cores of main sequence stars and could then be brought from deep layers into the stellar atmosphere through developing convection as the star evolves from the main sequence to the red giant branch [14] . The calculations performed by [22, 23] confirmed the validity of this hypothesis.Further studies revealed [Na/Fe] overabundances in the atmospheres of various classes of red giants: moderate and classical barium stars [6, 15] , super-metal rich stars [42] . A database of characteristics for red giants was created from the accumulated material at the Institute of Astronomy, the Russian Academy of Sciences. Our studies using the database revealed several stars with a [Na/Fe] underabundance relative to the observed dependence on surface gravity [7, 42] . A comparative analysis showed that these stars are distinguished by slightly higher space velocities. To confirm this conclusion, we investigated the chemical composition of red giants with high Galactic velocities [39] and pointed out that 12 of the 14 investigated stars also have a [Na/Fe] underabundance.
There exist quite a few works devoted to the abundance analysis of Galactic thin-and thick-disk stars. These works are based on spectroscopic observations of dwarfs, because their atmospheric elemental abundances undergo no changes as they evolve on the main sequence. Besides, in comparison with giants, dwarfs form a larger group and their continuum spectrum exhibits a smaller number of spectral lines, which increases the accuracy of abundance determinations. Therefore, there are comparatively few works devoted to thick-disk giants. There are even fewer studies of sodium in thick-disk giants (see, e.g., [3, 45] ). In these papers, the dependences of the [Na/Fe] abundance on mass and metallicity are discussed, but such an important factor as the evolutionary status is overlooked. Since the sodium abundances in stellar atmospheres do not appear instantaneously but gradually increase since the first deep mixing, the evolutionary stage of the star should be taken into account. In this paper, we perform a comparative analysis of the [Na/Fe] abundance in the atmospheres of thin and thick-disk red giants as a function of their metallicity and surface gravity, which changes during the lifetime of a star. Thus, investigating the changes in the atmospheric sodium abundance of red giants is necessary for understanding the stellar evolution, while the detected sodium underabundance in thick disk giants requires a further study.
OBSERVATIONS

Selection of Stars
We selected the objects for our observations from the Hipparcos catalogue [47] by analyzing the Galactic velocities (U V W ) calculated using reduced Hippar- cos parallaxes and CORAVEL radial velocities [37] . The selection criteria were the (B-V) color indices and calculated surface gravities corresponding to red giants; the calculated Galactic velocities exceeding those typical of thin-disk stars (34.5, 22.5, 18 .0) km s −1 [24] , with W < 50 km s −1 .
The list of program stars is presented in Table I , where their ordinal numbers, HD numbers, coordinates, V magnitudes, and spectral types are given. The last two columns in Table I provide the membership probabilities of the program stars in the Galactic thin and thick disks, whose kinematic characteristics were taken from [24] . The probabilities were calculated using formulas from [38] . It can be seen from the table that all stars can be assigned to thick-disk objects with a high probability. Table II presents kinematic characteristics of the investigated stars. These include the Galactic velocity vector (U, V, W ) relative to the Sun and Galactic orbital elements: the perigalactic distance R min , the apogalactic distance R max , the maximum orbital distance from the Galactic plane Z max , the eccentricity e, and the inclination i. The distance to the Galactic center was assumed to be 8.5 kpc, while the necessary correction of the velocities for the solar motion, (+10.2, +14.9, +7.8) km s −1 , was taken from [24] . We calculated the orbital elements through numerical integration of the stellar motion by Everhart's 15th-order method using a three-component model Galactic potential [2] . The integration accuracy was controlled by the conservation of the necessary integrals of motion. For example, in ten orbital revolutions, the typical relative error was ∆h/h<10 −13 in angular momentum and ∆E/E<10 −8 in total energy. The errors in the space velocities (σU, σV, σW ) were calculated from the errors in the stellar proper motions, radial velocities, parallaxes and the errors in the solar velocity components relative to the local standard of rest. We calculated the errors in the Galactic orbital elements based on the model Galactic gravitational potential using the probable errors in the stellar space velocities. It can be seen from Table 2 that all stars have a maximum orbital distance from the Galactic plane Z max > 1000 pc, which exceeds considerably the characteristic scale height for thin-disk objects, 90-325 pc ( [25] , [43] , [21] ). More than half of the investigated stars have orbits with eccentricities larger than 0.2. About half of the stars recede to a distance of more than 10 kpc from the Galactic center when moving in their orbits. The spectroscopic observations of the selected stars were performed in 2010 with a two-band echelle spectrograph attached to a 2.16-m telescope at the Xinglong station of the National Astronomical Observatories of China (NAOC). The spectrograph operated in the redband mode. The detector was a 2048x2048 CCD array on which 45 spectral orders were recorded. The in the range from 5500 to 9830Åspectrograph resolution was R = 40 000; the signal-to-noise ratio in the spectra was S/N > 100. The echelle package of the MIDAS software system was used for the preliminary spectroscopic data reduction, the search for and extraction of the spectral orders, the wavelength calibration using the spectrum of a thorium-argon lamp, and the spectrum normalization.
The equivalent widths of the selected spectral lines were measured in the EW code that I developed. The code is a set of modules written in Perl and C, the access to which is organized via a graphical user interface. The automatic equivalent width determination module is the main one in the code. It uses the nonlinear LevenbergMarquardt algorithm from the PDL package. For each measured spectral line with wavelength λ 0 , the part of the spectrum λ 0 ± 10λ 0 /R in which the spectral lines are searched for is cut out. An iterative deconvolution method is applied for a better line detection; it allows the blends to be separated. More or less significant lines can be identified by varying the number of iterations. Each spectral line is fitted by a Gaussian, which is a normal approximation for most of the lines with equivalent widths < 100 mÅ. The investigated part of the spectrum is fitted by the sum of Gaussians
, where h i and σ i are the and width of the i spectral line. We take the depth of the observed line as the initial approximation for h and σ = λ 0 /R for the width. The module operation result is a set of parameters of the Gaussians that best fit the observed spectrum. The parameters of the investigated spectral line are written in a file. In addition, information about the quality of the fit and the degree of line blending is written. During its operation, the code displays a theoretical spectrum of atomic and molecular lines that provides an additional possibility for the selection of lines.
DETERMINATION OF STELLAR ATMOSPHERE PARAMETERS
We determined the stellar atmosphere parameters using a technique based on Kurucz's model atmospheres [16] and analysis of the relative abundances of iron-peak elements.
The technique is described in detail in [10] ) and allows the stellar atmosphere parameters for G-K giants to be determined with an accuracy of about 70-100 K for T eff , 0.10-0.15 for lg g, and 0.10-0.15 km s −1 for V t . For late-K giants, the accuracy can be lower due to the greater influence of blending by atomic and molecular lines. In this paper, when analyzing the relative abundances of ironpeak elements when determining the stellar atmosphere parameters, we disregarded titanium, because it is well known that the [Ti/Fe] abundance can be enhanced at low metallicities and for thick-disk stars [8] . Using the derived parameters (T eff , lg g, V t ), we computed the corresponding model stellar atmospheres with the ATLAS9 code [34] . Table III gives our estimates of the stellar atmosphere parameters (effective temperature T eff , surface gravity lg g, microturbulence V t , and metallicity [Fe/H]), masses, and interstellar extinctions A V . We determined the masses based on evolutionary tracks from [26] by taking into account the stellar metallicity. The interstellar extinctions were estimated from the color excess E(B-V); the dereddened colors were calculated from calibrations [9] based on Kurucz's model stellar atmospheres. Based on the measured equivalent widths of the selected unblended spectral lines, we estimated the elemental abundances with the WIDTH9 code. These are presented in Table IV and Fig. 1 , where the open circles and asterisks denote the abundances determined from the spectral lines of neutral and ionized atoms, respectively. The list of selected lines with their characteristics and equivalent widths is available in electronic form. The cobalt abundance was determined by taking into account the hyperfine splitting effect, which can be strong in the case of cool giants [11] . The abundance errors given in Table IV and marked by the bars in Fig. 1 were determined as the dispersion of the individual abundances calculated from individual spectral lines. As an example, the possible abundance errors associated with the determination of stellar atmosphere parameters are listed in Table V for two stars. Table V gives the number of lines used (N ) and the changes in the abundance of each element when changing individual model parameters (∆T eff =+100K, ∆lg g=+0.10, ∆V t =+0.10 km s −1 ) and the total change in abundance ∆.
The sodium abundance was determined from the 6154Å and 6160Ålines without any correction for non- LTE processes. According to [33, 35, 36] , this doublet is formed deeper than other sodium lines, and the non-LTE processes do not introduce significant deviations in the abundance determination (<0.1 dex). are located in the same regions, i.e., the abundances of these elements do not change over the elapsed lifetime of the star. In the case of sodium, a compact arrangement is observed only for dwarfs. The trends for thin-and thick-disk stars coincide, within the error limits. In contrast, red giants are chaotically scattered and no dependence on metallicity can be distinguished. Such a behavior suggests that the [Na/Fe] abundance is determined not only by the chemical evolution of the Galaxy but also by the evolution of the star itself. The amount of sodium that was synthesized in the stellar core at the main-sequence stage and that was brought by convective flows into the stellar atmosphere is added to the initial abundance. The thick disk red giants in Fig. 2 , within the error limits, are located in the region of dwarfs and exhibit no detectable sodium overabundances. However, this is most likely the selection effect, because some of the thick-disk red giants from abundance by the error in determining the temperature, then it turns out that we underestimate the temperature approximately by 200 K. Such a change will lead to a significant discrepancy between the elemental abundances determined from lines with different lower level excitation potentials, while the position of the star on other plots in Fig. 2 Fig. 3 , which shows the dependence on surface gravity lg g. Both these quantities are determined directly from observations. In the figure, the thin-disk stars (filled circles) show a rise as the surface gravity decreases from lg g≈3-3.5. The surface gravity is related to other fundamental stellar parameters by the relation lg g= -10.607+lg M /M ⊙ + 4lgT eff -lgL, where M /M ⊙ is the stellar mass in solar masses and lgL is the stellar luminosity. At a constant stellar mass, the decrease in lg g can be associated with a decrease in the effective temperature and an increase in the stellar luminosity. Such a behavior is typical of a star as it evolves along the red giant branch, and the appearance of sodium overabundances and the increase in sodium abundance due to the rise of sodium-enriched matter through convective flows [49] are associated precisely with this evolutionary stage. At this stage of stellar evolution, an enrichment of matter by sodium is possible only in the regions of nuclear reactions at the main-sequence phase. The hydrogen burning reaction in the neon-sodium cycle is the main source of sodium [17, 18] . In the interiors of low-mass (1-3 M ⊙ ) stars, this cycle is not closed and turns into the chain of reactions 20 N e(p, γ)
The first quantitative estimate of these reactions for supergiants is given in [23] : depending on the temperature, from 1/3 to 2/3 of the 23 N a nuclei pass into 20 N e. At the same time, the sodium abundance in the atmospheres of F-K supergiants increases by a factor of 5 (0.7 dex), in agreement with the observational data and Fig. 3 . Various conditions for the nuclear reactions of the neon-sodium cycle were also considered by [48] and [46] .
The thick-disk red giants are marked in Fig. 3 by the large circles (from this paper, the ordinal numbers correspond to Table I ) and squares (previously investigated ones). It can be seen from the figure that they are located systematically below the thin disk red giants, while for the region lg g<2 the separation between . Continuous and dashed lines -the average data of dwarfs of thin and thick disk published by [8] , with interval 0.2 dex in metallicity, filled area indicate1σ dispersion level.
these two groups close in the number of stars exceeds the [Na/Fe] abundance errors. Thus, the difference in [Na/Fe] abundance in the atmospheres of thin-and thickdisk red giants is significant. Among the stars whose parameters were entered into the database, there are several pairs of thin-and thick-disk stars with similar parameters (T eff , lg g, [Fe/H]) (see [39] ). Such stars also have similar masses and ages but differ only by the [Na/Fe] abundance and membership in different kinematic groups of stars in the Galaxy. Such a difference is not observed for the thinand thick-disk dwarfs (see Fig. 2) . Consequently, the initial sodium abundance must be also the same for those stars that have presently become red giants, while the nature of the difference is in the production of sodium in the NeNa cycle. A neon underabundance may exist in thick-disk objects. This is hard to check, because the neon lines are difficult to observe. However, the main 20 Ne isotope is an α-process element, and its behavior with metallicity must follow the trends of other α-elements, i.e., an increase in abundance with decreasing metallicity [1] . In this case, we should have seen higher overabundances of sodium formed from neon in thick-disk giants, but the reverse is true. The 22 N e underabundance is a possible cause. Indeed, [48] point out a signifficant reprocessing of 22 N e into 23 N a, while the initial 22 N e/ 23 N a abundance ratio in dwarfs is about 4.1. In any case, the difference between the atmospheric [Na/Fe] abundances of thin-and thick disk red giants requires an explanation and invoking theoretical calculations.
CONCLUSIONS
Thus, based on spectroscopic observations, we determined the stellar atmosphere parameters for ten thickdisk red giants. We confirmed the difference in atmospheric [Na/Fe] abundance between thin-and thick-disk giants. Its nature may be related to the neon isotope abundance difference and this hypothesis requires verification.
